for long periods if occasional doses be given. Patients in this stage, as in the throat case I have described, do not always improve, though I believe they are not likely to slip back, unless indeed from a secondary infection. I attribute this cessation of improvement to a cessation of reactions, and I think it is quite possible that it may actually be advantageous to let the patient wait for a comparatively long period between the injections, so as to let him re-attain some degree of sensitiveness. If you begin with P.T.O. or T.O.A. you may also cause these slight reactions by going on to more potent preparations such as P.T. or old tuberculin.
In conclusion, I regard tuberculin as a remedy of enormotis value, but as one which-is difficult to handle, so that its use should be learnt in mild cases of surgical tubercle in which no harm is likely to occur. Properly used, in most cases it gives results of the greatest value, but occasionally, like all vaccines, it proves disappointing, and one of the greatest advances we may look for in the future is the reason for its non-success and the method by which this may be avoided.
Dr. A. C. INMAN: At the Tenth International Medical Congress, on
August 4, 1890, Koch made his first statement that he regarded it as a possibility to cure tuberculosis by means of active immunization. On November 13 of the same year appeared his communication on the subject under the title " Weitere Mittheilungen uber ein Heilmittel gegen Tuberculose." Before applying himself to the treatment of man, Koch had carried out a series of very careful experiments on guinea-pigs. He found that he could inject subcutaneously up to 2 c.c. of undiluted old tuberculin into healthy animals without any very marked effect. When he came to consider the case in man he found this great difference: the injection of 0 25 c.c. produced the most intense reaction, whilst even a dose of 0'01 c.c. led to a mild reaction, when injected subcutaneously into a healthy adult. Man is, then, very much more sensitive to tuberculin than guinea-pigs. In the communication to which we have referred Koch definitely states: " Die wichtigste dieser Eigenschaften ist die specifische Wirkung des Mittels auf tuberculbse Processe, welcher Art sie auch sein mogen," and nothing has since arisen to shake our faith in the specific action of tuberculin. But we have learnt one point of great practical inmportance-namely, that tuberculin can act on an inactive as well as an active tuberculous lesion, and that the presence in the body of an inactive latent tuberculous lesion is sufficient to determine a positive tuberculin reaction. Koch was a simple suspension of comminuted tubercle bacilli in physiological salt solution (Tuberculin-Bacillen Emulsion); in other words, what we have become accustomed to speak of, since the epoch-making teachings of Wright, as a vaccine or antigen. It will be granted by all who have worked on the experimental side of the question that it is not a perfect antigen, inasmuch as it has been found impossible by its means to immunize animals against a later infection by living bacteria. Before turning to what I believe to be the true explanation of the results obtained by tuberculin treatment, I would follow out the line of thought which Koch followed in his researches. I am convinced, froln reading Koch's papers, that he fully recognized the importance of, and longed for a guide to, the individual treatment of the patient, for such a guide as has been granted to us by the genius of Wassermann in the case of syphilis. Witness the joy with which Koch welcomed the discovery of the serum-agglutination phenomenon as a possible means of measuring the immunizing response of the individual. Henceforth he hoped that the way would be made clear, making it possible to treat each case individually, to watch the effect of each injection, and to obtain evidence of successful immunization. These same thoughts stimulated Wright to all those works which have raised him to the front rank of medical scientists, and have led to the introduction of active immunization as a therapeutic agent in the treatment of most bacterial infections. How fully Koch realized the significance of the immunizing response on the part of the healthy tissues is evident from the support he gave to a paper read by Gotsch in 1901. The latter was advocating the careful treatment of pulmonary tuberculosis by tuberculin with avoidance of all reactions, general or local, and Koch, at the end of the paper, stated that: "I can, from my own experience, agree that it is necessary to avoid all more marked reactions." Let us recall that, in the memorable days of 1891, Koch himself noted that, in the case of lupus, tuberculosis of glands, bones, and joints, the injections of old tuberculin led to rapid healing in slight cases and slowly increasing amelioration in bad cases, whilst he definitely stated that, in contrast with these cases, patients with advanced pulmonary tuberculosis are much more susceptible to tuberculin than those with " surgicall" tuberculous infections. Has not the later work, made possible for us by the, researches of Wright, given us an explanation, of far-reaching importance, as to the difference between such localized tuberculous infections and the graver, truly generalized tuberculous infections exemplified by advancing tuberculosis of the lungs?
In the first instance Wright, and subsequently Bulloch, examined cases of localized bacterial infections, their series comprising, as far as tuberculosis is concerned, chiefly cases of so-called " surgical " tuberculosis. The net result of these experiments was to establish the fact that in the majority of such cases the opsonic index was constantly below the normal, as is clearly shown in the following Later it was established that this low index could be raised not only by the inoculation of appropriate doses of tuberculin, but that a transient rise of the index could be obtained by sufficiently disturbing the focus of infection by means of massage, Bier's hyperaemia, Finsen light, &c.
When cases of acute tuberculosis-acute miliary, tuberculous meningitis, &c.-came to be studied, it was found that instead of a constantly low index being the rule, very high indices miaht be found, and what is very important, the readings of the opsonic indices varied considerably from day to day, or even from hour to hour. These tests have now been applied to a large number of cases of pulmonary tuberculosis, and we find that tuberculosis of the lungs may be localized or generalized. An examination of 250 consecutive cases of doubtful pulmonary tuberculosis gave indices varying outside the normal limits in 159 cases: 97 started low, and of these 56 rose as the result of exercise and 41 remained low after exercise; 62 started high, and of these 54 fell after exercise and 8 remained high after exercise; whereas in the cases which started low 42 per cent. were uninfluenced by the exercise, only 12'9 per cent. of those starting high remained high after exercise, whilst 87 per cent. fell after exercise.
I have already suggested that low indices remaining low or rising after exercise should be considered evidence of active localized tuberculosis when taken in conjunction with clinical signs and symptoms suggesting pulmonary tuberculosis, and that under similar circumstances high indices should be taken as evidence of an active tuberculous lesion which has more ready access to the lymph-and blood-stream. When we come to investigate the manifestly active and advancing cases of pulmonary tuberculosis we find continually varying indicesdaily or even hourly variations, just as we have daily or even hourly variations in the temperature chart. Such lesions then have ready access to the lymph-and blood-streams, and a continual war is being waged between the tubercle bacilli and tJieir products on the one hand and the defensive forces of the blood and tissues on the other. Let us now consider the effect of injecting tuberculin into patients falling under these various groups. Let us imagine in the first place that a dose of old tuberculin is injected, sufficiently large to cause the focal reaction referred to above-hyperamia, swelling, necrosis of the living tuberculous tissue-in the case of a small localized focus in the lung; localized, but, it must be admitted, so potentially dangerous. It can be readily imagined that such a focal reaction taking place, the dose of tubercle bacilli or their products entering the system is not more than the defensive forces of the body can cope with. After a temporary period of intoxication the body reacts and gains the upper hand, and this process may conceivably be repeated until nothing is left of the tuberculous tissue, its place being taken by a fibrous tissue scar, which remains to mark the site of the victory of the body over the bacilli. Nature is in the habit of thus dealing with bacteria, when she, unaided, gains the upper hand of a bacterial invasion.
In our hypothetical case Nature has been helped by means of specific stimulation to react and thus to resist an invasion she was unable to overcome by herself. Proceeding a step further, we can conceive that in the event of the lesion being in more ready communication with the lymph-and blood-stream, more potent for evil by reason of size or content of virulent bacilli, the inoculation of a similar dose of tuberculin may cause an outpouring of bacteria or their products in such a dose or doses that the body is unable to react sufficiently quickly or effectively so as to secure immunity. A repetition. of the dose can only make matters worse, and I believe that this is the most reasonable explanation of the failures, nay, even disasters, formerly met with in the course of tuberculin injections. This being so it follows that the proper selection of cases and the correct dose for each individual case is of paramount importance.
Koch urged the profession to adopt all measures at their commrand to make the earliest possible diagnosis of the disease. It is regrettable that even to-day the examination of the sputum for the presence of tubercle bacilli is too often neglected until it is too late. The sputum should be examined carefully as a routine procedure in all cases of cough accompanied by expectoration. At the same time it must be fully recognized that before the stage of ulceration of a tuberculous lesion of the lung the focus of disease has been actively progressing for some time. Our efforts for some years past have been directed to finding some mneans of diagnosing closed tuberculosis of the lung in its earliest stages. Koch suggested that the hypersusceptibility to injections of old tuberculin of tuberculous subjects offered a means of the precocious diagnosis of the disease. Much time and work has been devoted to this question since then, and we are, I think, now in a position to state that whereas the tuberculin reaction is truly specific in character it cannot discriminate per se between an active and a latent inactive tuberculous lesion.
Extended researches on the tuberculin reaction as occurring at the various periods of life in humnan beings show that in a large percentage of cases the adult human being cannot be considered as an animal free from all tuberculous infection. Between the years 1830 and 1900 a number of post-mortem statistics as to the frequency of tuberculous infection in man were published, notably those of Bollinger and Muller, Simmonds, Schwer and Boltz, Kossel, Kiiss, Schlenker and Hutinel, most of which showed a marked degree of conformity. During the first months of life the percentage of tuberculous cases was about 1, at the end of the first year it had risen to 12, and by the fourth year to about 40. These observations culminated in the classical statistics of Naegeli in 1900, which have stood the test of time to the present day. Naegeli systematically examined 500 consecutive cadavers of all ages for the presence of tuberculous lesions. It is interesting to note that as he became more adept during the course of the investigation he was able to find evidence of tuberculosis more frequently. Thus whereas his total percentage of positive results in the case of adults is 93, during the last 300 post mortems the percentage of tuberculous lesions was 98, which probably represents the correct figure for the hospital classes. It is interesting to note that Comby inoculated large doses of tuberculin into clinically healthy infants without reaction. To summarize the results, children, not born of mothers in an advanced stage of tuberculosis, come into the world in most cases free from tuberculous infection. As each year advances a progressive number becomes infected, until at the age of puberty a total of one-half is reached. By the time he is adult practically every individual is the bearer ofa tuberculous lesion. It is important to bear these facts in mind when considering any results of the injection of tuberculin into the human body.
We have heard from Dr. d'Este Emery that, employing the method of complement fixation, he finds in the serum of the mnajority of adults the presence of specific antibodies to the tubercle bacillus, but not to other pathogenic micro-organisms. The researches of Franz are very important in this connexion. This observer took 400 apparently healthy soldiers of a Bosnian regiment in 1901 and gave them all injections of Koch's old tuberculin, with a maximum dose of 0 003 c.c.; 61 per cent. of these men gave a positive reaction. Next year (1902) 100 of these soldiers were again inoculated, with the result that all those who had reacted the previous year reacted again, and in addition fourteen others, making 76 per cent. altogether. Three hundred and twenty-three men were inoculated for the first time in 1902, and 68 per cent. reacted positively. This regiment is recruited from a district in which tuberculosis is rife, so Franz inoculated in a similar way a number of men in a Hungarian regiment which is recruited from a district poor in tuberculous cases, yet 38 per cent. gave a positive reaction. The same author followed out the subsequent history of the mien inoculated and publishes the following interesting statistics: natural resistance to tuberculosis, and it is noticeable that those of them who come into towns, and thus into contact with phthisical individugls, rapidly succumb to the disease. Tested with the cutaneous tuberculin method of von Pirquet, only one-half of the young Kalmouks entered as first-year students at Astrakhan gave a positive reaction, while the senior students who had been in residence for more than one
year gave a positive reaction in nearly every case. The mortality from tuberculosis among the Kalmouks who went to Astrakhan to study used to be appalling, but as tuberculosis spread amongst them they have gradually become more resistant. In fact, we have a repetition of the conditions in Europe as affecting infants who have not yet acquired immunity or resistance to tuberculosis, and adults, most of whom are infected with tuberculosis but show a considerable degree of acquired immunity against the tubercle bacillus. Extended observations have led me to the conviction that the tuberculo-opsonic index test, conscientiously carried out and intelligently applied, offers us a satisfactory method of diagnosis of active tuberculous disease in the early stages. All methods of diagnosis, and this is by no means confined to tests carried out in the laboratory, are liable to error, but I am convinced that, when properly carried out, the tuberculoopsonic index can give us valuable and timely information. The foregoing In 1908 I suggested that Turban's classification of pulmionary tuberculosis was not satisfactory from the point of view of selection of cases for treatment, inasmuch as it dealt rather with the stage of the disease as revealed by physical examination of the chest than with reference to temperature or to specific serum reactions, which are the most important guides to the degree of activity of the disease. The following classification was suggested for the purpose Class I: Besting febrile. Cases with fever at rest in bed. We will take Class III first, inasmuch as it is at once the simplest from the point of view of analysis and comprises the majority of the cases which are suited to specific treatment. Ambulant afebrile, cases without fever, in spite of exercise or work; this naturally includes a wide range of cases, from those which are only able to indulge in very moderate walking exercise without determining febrile reactions to those which are able to do work, even of a strenuous manual nature, without any rise of temperature above the normal. The treatment of such cases by carefully graduated labour has been successfully accomplished by Paterson at the Brompton Hospital Sanatorium, and a series of examinations of the tuberculo-opsonic indices of patients undergoing the treatment showed that the need for the most careful graduation of the labour, both in point of sufficiency and limitation, depended on the fact that the movements induced auto-inoculations of tubercle bacilli or their products. For a detailed account of this most interesting adjunct to the sanatorium treatment of afebrile ambulant patients, which confirms and amplifies the teachings of Brehmer and Walther, I commend to your notice Dr. Paterson's book on " Auto-inoculation in Pulmonary Tuberculosis." The tuberculosis of the lung in these cases of Class III may be "open" or "closed," and the extent of the lesion as revealed by physical examination of the chest may be limited to a portion of one lobe, or may involve three or four lobes.
What is the best treatment for cases of this class ? The possibilities are (a) to subject them, under skilled medical supervision, to a course of carefully graduated labour as advocated by Paterson at Frimley; (b) to treat them as outpatients with drugs and preparations destined to alleviate symptoms and support the strength of the body; (c) to treat them as outpatients with tuberculin, with the object of eradicating their disease by a process of active immunization against the specific cause; (d) by a combination of sanatorium and tuberculin treatment. Now for the comparison between any forms of treatment certain data are required, and these are unfortunately not always forthcoming, however much they are to be desired. In the present instance, the data are incomplete, but such as they are, they are not devoid of interest. At present the only data of results obtained by the Frimley method are to be culled from Paterson's book, " Auto-inoculation in Pulmonary Tuberculosis," Appendix IV. These cases were treated with large doses of tuberculin and the majority were subsequently tested with maximum doses of old tuberculin. They must, of course, be regarded as specially selected cases, and even then I do not know of any similar figures in the literature dealing with the treatment of pulmonary tuberculosis. The lack of a sufficient number of control cases makes it impossible to draw any definite conclusions as to the value of the method advocated.
The combination of tuberculin with sanatorium treatment seems to have advantages, as is shown from the figures recently published by Loewenstein. The satisfactory feature of these figures is that they deal with the percentage of loss of tubercle bacilli at the end of treatment. Loewenstein computes that in the case of patients undergoing the usual hygienic-dietetic treatment of the German sanatoria, not more than 20 per cent. lose their tubercle bacilli from the sputum at the end of the treatment. His cases numbered 682, all of them with tubercle bacilli present in the sputum. They were all treated with tuberculin until they had attained immunity to 10 mg. of old tuberculin or 0 01 mg. tuberculin B.E. At the end of treatment only those cases are counted as having lost their tubercle bacilli in which the sputum was examined four times (antiformin) and after an injection of tuberculin, with a negative result.
Six HUNDRED AND EIGHTY-TWO CASES WITH TUBERCLE BACILLI PRESENT. These figures will suffice to show that those who have had considerable experience with tuberculin consider that it offers advantages over the hygienic-dietetic treatment; in fact, after perusing the literature on the subject one is left impressed with the unanimity of this opinion. At all events it would hardly be denied that the time has now come when it is desirable to test a large-number of cases in such a way as to leave no doubt as to the indisputable superiority of the method. The only diffioulty is to decide on the best method of administering tuberculin. There may be said to be three methods which have each their advocates: (a) The method of rapid tuberculin immunization with old tuberculin; for this to be efficacious reactions must be produced and the patient must be treated until he fails to react to large doses (1 c.c. old tuberculin). (b) The method of gradually increasing doses of tuberculin T.R. or B.E., avoiding, as far as possible, all febrile reactions until the patient can tolerate large doses (5 to 10 mg. B.E.), and fails to react to large doses of old tuberculin. (c) The method of initial minimal doses, with the rigid avoidance, as far as possible, of febrile reactions, the dose being regulated with reference to the temperature chart, a low, " flat" temperature being regarded as evidence of a satisfactory response on the part of the body. No dose is increased so long as it has still an effect on the temperature; when this is no longer the case an increase is made to the next dose which has the desired effect. In this way the increase of the dose is in many cases very slow, but all the time the patient is kept under the influence of tuberculin. It is important, both on theoretical grounds and by analogy with our experience in cases of tuberculous glands of the neck, &c., to continue the treatment for a long time, eighteen months to two years, and for some time after all symptoms have disappeared. At the end of the course the patient should be able to tolerate full doses without reaction. Now as to the relative merits of these three methods. In strictly localized, especially closed, cases I can see no theoretical or practical objection to the treatment by focal reactions induced by injections of old tuberculin any more than I can to the treatnment of superficial tuberculous lesions by means of the Finsen light, &c., nor to the treatment of other localized tuberculous lesions by means of Bier's passive intermittent hypervemia.
The rapid immunization with tuberculin T.R. or B.E. until large doses are tolerated without a single reaction having occurred during the course-and this is comparatively easily achieved in ambulant afebrile cases presenting the physical signs of Turban's stage II and IIIleads often to distinct rapid amelioration of the general conditions. But I have not seen a single case in which the method can be said to have led to arrest; indeed, it is difficult to see how any extensive area of disease can become healed in so short a time-three to four months. For this reason, and seeing that the treatment is individual and that each dose is allowed to have its effect, I prefer the method of a long course of new tuberculin, the doses being regulated with reference to the temperature chart and general condition of the patient. Reference to the tuberculo-opsonic index intelligently applied can, during such a course, from time to time give valuable information, when considering the advisability of increasing the dose.
Class II: Ambulant Febrile, Resting Afebrile.-The valuable lesson learnt from a study of the blood in relation to the effect of exercise on the tuberculo-opsonic index gives the key to the appropriate immediate treatment of cases of this class. All movements, active or passive, which may cause an auto-inoculation must, as far as possible, be abolished. Paterson has shown in a striking way the value of absolute rest in reducing fever due to excessive auto-inoculations. In some cases attention to rest is all that is required to convert a case of Class II into one of Class III (ambulant and afebrile), but this is unfortunately not always so. Small doses of tuberculin T.R. or B.E. may in these cases give satisfactory results.
Class I: Resting Febrile.-This class includes a wide range of cases, from those with extensive advanced disease to those with active commencing tuberculosis. It is hardly conceivable that the former can ever be benefited by tuberculin; the tissues generally are abnormal and the lungs not infrequently a series of abscess cavities. It has been my good fortune to see a few cases of acute tuberculosis apparently benefit to a remarkable degree from the use of small doses of tuberculin.
The fever associated with this last class naturally suggests the question of secondary bacterial infections in puJmonary tuberculosis, a question of vital importance in connexion with the specific treatment of the disease. Actually in 1890, Koch drew attention to the fact that tuberculin was powerless to act against bacteria other than the tubercle bacillus. It must always be borne in rnind that in every case of open tuberculosis of the lung the possibility, nay the likelihood, of a secondary infection exists. It was commonly believed that fever indicated the presence of a secondary infection, but this has been proved inaccurate. In some cases the fever is doubtless due to the tubercle bacillus itself, whilst in other cases with a normal temperature there may be a secondary infection. We are all familiar with the fever which occurs during the active period of a pure tuberculous pleurisy, as also are we with the afebrile course of many infections due to the pneumococcus, the staphylococcus, &c., even in diseases of the respiratory tract-chronic bronchitis for instance. In a series of examinations of patients suffering from various stages of open pulmonary tuberculosis we found evidence of secondary infections in 87.5 per cent. of febrile cases, and in 54'1 per cent. of afebrile cases. The figures were as follows: 
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It behoves us, then, before embarking on tuberculin treatment, to examine for the presence of a secondary infection. In advanced cases, even were it possible to treat the tuberculous infections specifically, the presence of secondary infections almost precludes the hope of any amelioration from specific treatment. But in earlier cases it may prove to be possible to support the tuberculin treatment by specific treatment directed against the other bacteria.
In conclusion, I would urge that we now have certain data and facts to work on, and that the time is ripe when a combined action in our larger hospitals for consumption and our sanatoria should be set in motion with a view to settling the value of the much debated tuberculin treatment of pulmonary tuberculosis. Koch recommended those who would embark on tuberculin therapy to confine themselves in the first instance to the simpler forms of localized tuberculosis. Similarly, Wright, in his " Studies on Immunization," says: " Setting our hearts upon the immediate discovery of a, shall I say, cure for . . . . advanced consumption . . . . we fail to reflect that . . . . in this (case) we have probably a inultiform mixed infection complicated with what are in effect voluminous open abscesses . . . and aspiring after a remedy . . . . we have neglected to work at the comparatively simple and soluble problems of localized diseases." I suggest that it would be profitable from a point of view of settling the point at issue to experiment in some such way as the following:-(1) Ambulant afebrile cases: (i) open tuberculosis, (ii) closed tuberculosis.
